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safety of the process is a target dictated by 
a sense of responsibility: At no time may a 
process pose a significant risk to operators, 
equipment or the environment. 

To ensure smooth production, a process 
must be as sturdy and robust as possible. 
The ranges set for specific parameters (e.g. 
temperature, reaction time, concentration), 
and within which the process can be oper-
ated without failure, determine the robust-
ness of the process. Naturally, costs must 
be kept under control, both in the develop-
mental stage of a drug and during the com-
mercial manufacturing process once the 
drug is on the market. In the early stages of 
drug development, resource allocation for 
individual projects is limited; a majority of 
these candidates will never reach the market 

having failed in clinical trials. Later, how-
ever, during the commercialization phase, 
the drug must be competitively priced and 
its manufacturing process optimized. Time 
spent during the clinical development de-
termines the entry date of a drug to market 
and, eventually, the lifespan of its patent 
protection. It is thus important that the de-
velopment time of the API synthesis does 
not restrict the drug development process. 

Fig. 2 outlines the developmental cas-
cade. At Siegfried, this has proven to be a 
versatile scaffold for the design of chemical 
processes. A sequential transition down the 
cascade ensures good results and enables 
the company to align the process require-
ments to the corresponding clinical devel-
opment status. 
• 	 First, based on route finding or ‘ground-

breaking’ chemistry, the chemical route 
to the target molecule is chosen.

• 	 Second, in an initial optimization phase, 
a process draft is submitted for reagent 
screening; additionally, optimization 
with respect to maximum conversion is 
performed. 

• 	 Third, further optimization focuses on 
work-up and purification as well as the 
telescoping of steps. 

• 	 Fourth, the unit operations are refined 
and, during the scale-up, adaptations to 
the equipment are carried out.

• 	 Fifth, for commercialization purposes, 
the process must be validated. A change 
control system guarantees that, prior to 
implementation, any process changes 
and improvements are carefully as-
sessed with respect to product quality. 
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1. Introduction 

The developmental process for APIs (Ac-
tive Pharmaceutical Ingredients, also called 
drug substances) is a most challenging task. 
Contradicting goals must be balanced, and 
these include the consideration of qual-
ity, safety, robustness, costs and time con-
straints (Fig.1). The workflow outlined here 
defines the methodology used at Siegfried 
Ltd, Zofingen. The company manufactures 
APIs (and key intermediates) on an exclu-
sive basis for a number of pharmaceutical 
companies, as well as for the generic phar-
maceutical industry. 

All aspects of the API that influence its 
identity, strength, purity, and quality are 
awarded top attention. Because the drugs 
are prescribed to patients, the health au-
thorities have established guidelines [1] 
for manufacturers to follow that address 
the quality of the production process. The 

Fig. 1. Perimeter of process optimization
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Special focus is placed on the physical 
properties of the API. When compared to 
the intermediates, the API’s particle size 
distribution and crystal modification are pa-
rameters of particular attention. A separate 
section will address these aspects. Process 
development work is project teamwork. An 
efficient project management is thus a ‘cor-
nerstone’ of process development. In the 
following sections, the dedicated special-
ists and project managers outline their con-
tribution to the development of a new API 
synthesis, as carried out at Siegfried Ltd. 

2. Synthesis and Manufacturing 
Following a Developmental 
Cascade 

Route selection, choice of reagents 
for optimum conversion, establishing ef-
ficient work-up and purification steps, and 
telescoping are typically carried out on 
a lab-scale basis by the process chemist. 
Later process optimization (fine-tuning) is 

performed at scale-up and, eventually, the 
final commercial process is executed and 
validated on a plant-scale. 

2.1. Route Selection 
Practical and expedient solutions worked 

out during the route selection phase deter-
mine the efficiency of a specific API syn-
thesis. Routes used during research work 
are designed to enable the chemist to de-
liver a multitude of molecules requiring few 
adaptations to the methods. However, the 
route to the designated API molecule must 
deliver only the selected candidate. Based 
on information from global pharmaceutical 
companies, Gary Pisano (Harry E. Figgie, 
Jr. Professor of Business Administration, 
Harvard Business School) estimated that by 
changing from medicinal chemistry routes 
to adapted (second generation) routes, costs 
are reduced, on average, by 65% [2]. Sec-
ond generation routes typically reduce the 
complexity [3][4] of the synthesis. This is 
achieved by 
i) 	 Reduction of the number of chemical 

transformations [4a]; 
ii) 	 Splitting linear paths into convergent 

ones; 
iii) 	 By-passing inherently dangerous 

transformations [4b]; and 
iv)	 The selection of low-cost raw materi-

als. 
By applying a simple cost model, one 

can demonstrate immediately how valuable 
shortcuts and optimizations can be [5]. As 
an example, the synthesis of a hypothetical 
product is presented. Using the MedChem 
route, a specific product is synthesized by a 
linear seven-step process. A second genera-
tion route forms the same product in five 
steps. The third process is a convergent 
route with five transformations as well. 
A cost analysis of these three hypotheti-
cal routes shows that shortening the linear 
synthesis from seven to five steps cuts the 

costs by approximately 50%. If the linear 
synthesis can be split into two branches for 
a convergent synthesis, the costs can be re-
duced even more drastically by 75%. (The 
assumptions for this model calculation are: 
75% yield per step; the molecular weight 
is doubled from raw material to product; 
the intermediates have medium molecular 
weights; the raw material costs are 100 b/kg 
and per transformation, 50 b per kg raw ma-
terial/intermediate is assumed at any step; 
Fig. 3.) 

As illustrated by this example, the spe-
cific route selection chosen exerts an enor-
mous impact on the production costs of a 
molecule. The selected route is the founda-
tion on which further optimization will be 
based and, therefore, receives top attention. 
Moreover, careful route selection affects 
other factors as well, such as flexibility in 
the manufacturing unit used and response 
time to increasing volume requirements. 

2.2. Initial Optimization Phase 
After selection of the synthesis route 

for the API molecule, the process must be 
optimized and fine-tuned. Each synthetic 
step has to be studied and optimized for 
best conversion conditions, and reagents 
are appropriately selected to improve the 
economy, quality, and ecological safety of 
the chosen route. Indeed, these later aspects 
(quality, safety, and ecology) should be de-
signed into the process as early as possible. 
It is absolutely necessary to study and op-
timize each single synthesis step individu-
ally before they are cascaded together to 
define the ultimate process. Conversion 
factors, reagent type, availability and costs, 
solvent to reagent ratios, catalysts, reaction 
time, and solvents are studied at this stage 
of process development. By fine-tuning the 
reaction conditions, including temperature, 
stoichiometry, and reaction concentration 
(yield per volume), the synthesis can be 

Fig. 2. Development cascade from the target 
molecule to the API

Fig. 3. Outline of the three hypothetical routes to a ‘product’
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optimized for best yield and purity. In ad-
dition to considering these conditions, the 
process chemist must also contemplate later 
stages of the developmental cascade while 
designing the process. This is important to 
minimize unit operations, permit telescop-
ing, and ensure that waste streams are kept 
at a minimum. Because many of these pa-
rameters interact, specific tools, such as the 
statistical design of experiments (DoE) and 
lab automats, prove very helpful and effec-
tive. Using the DoE approach in process 
optimization results in a broad understand-
ing of the influence of reaction parameters. 
The statistical analysis of such experiments 
helps to identify suitable and robust process 
parameters. The ultimate goal is to achieve 
the highest yield while providing the best 
quality possible. Modern DoE software, for 
example, STAVEX, visualizes the influence 
of the parameters for better process under-
standing and allows the process chemist to 
make reliable predictions within the multi-
parameter reaction room examined. With 
this, the chemist can then choose a robust 
region near the optimum. The output of 
this phase is a process selected to achieve 
the best conversion conditions. However, a 
chemical process is much more than simply 
a chemical conversion, and the subsequent 
steps may be more expensive than the initial 
chemical reaction. 

2.3. Optimization for Work-up, 
Purification Steps, and Telescoping 

After defining the conversion condi-
tions for each synthetic step, the process is 
then checked for further cost improvements 
by optimization of the work-up conditions, 
re-use or regeneration of solvents, catalyst 
efficiency, raw material evaluation, and 
telescoping opportunities. Further, process 
safety and ecology are also addressed. The 
waste flows (gas, liquid, solid) are exam-
ined for waste treatment or disposal. For the 
work-up of a chemical reaction, it is often 
the case that more unit operations are nec-
essary than for the conversion itself; this 
situation warrants a thorough investigation. 
A high purity achieved by complete con-
version as output from the previous ‘initial 
optimization’ clearly helps to design a lean 
work-up. Knowledge of the work-up and 
purification procedure is as important as 
the reaction itself. Many so-called scale-
up effects are caused by different work-up 
procedures between the lab and plant envi-
ronments. For example, filtrations or phase 
separations that last five minutes in the lab 
may take several hours on a large scale. If 
the product is not stable in solution for this 
extended time period, the resulting product 
is not as pure as would be expected solely 
from the lab results. Filtrations are often 
switched from suction filtration to centrifu-
gations, and washing of the cake changes 
from re-slurry to displacement washing. 

Chromatography is a widely-used, highly-ef-
fective technique in the lab environment, but 
is expensive and impractical in the plant. For 
this reason, chromatography methods have to 
be replaced by techniques such as extraction, 
crystallization, precipitation or distillation. 
All these unit operations have to be carefully 
studied in order to obtain the knowledge re-
quired by the scale-up chemist. The behav-
ior of plant equipment must be mimicked as 
closely as possible on a lab-scale. To simulate 
plant conditions, well-defined experiments 
(e.g. degradation kinetic studies under distil-
lation conditions) can help avoid nasty sur-
prises during the scale-up. 

Because work-up and purification rep-
resent the majority of the unit operations, 
further optimization by telescoping of the 
intermediates has to be considered. If the 
purity of a reaction solution is sufficient for 
the next synthetic step, isolation of the prod-
uct may be skipped. Telescoping is much 
more cost efficient than isolation of interme-
diates. Next, whenever wet material can be 
used for the subsequent step, time, money 
and dryer resources are saved. Nevertheless, 
whenever a process is telescoped, one must 
also consider the possible lost purification 
opportunity. In these cases, rework proce-
dures should be anticipated and integrated 
into the process. In order to make prudent 
decisions concerning possible telescoping 
and the best point for ‘quality up-grading’, 
information on the purification efficiency of 
every unit operation and/or purification step 
is required. In general, a purification of an 
early intermediate is more cost efficient than 
one performed later in the synthesis; this is 
because every purification is associated with 
loss of yield and the product, of course, gets 
more expensive towards the end of a syn-
thetic route. Keeping this in mind, it may 
be advantageous to add purification steps 
early in the synthesis, thereby allowing the 
telescoping of later steps. Often, the process 
finally implemented is a compromise among 
the yield, work-up, speed and quality. The 
key figure is the output of useful material per 
time and volume. 

2.4. Process Refining and Scale-up 
A scale-up is where the marriage be-

tween the chemical synthesis and the pro-
cess technology takes place, and where the 
process chemist, the plant chemist, and 
the scale-up chemist meet and share their 
know-how. In the area of custom synthesis, 
the main objectives of the work in the scale-
up area are: 
• 	 To produce the initial quantities of the 

final API material following cGMP 
(current Good Manufacturing Practice 
[1]) Guidelines for toxicological and 
clinical studies; 

• 	 To demonstrate the feasibility and the 
robustness of the chemical synthesis on 
a larger scale; 

• 	 To evaluate and define the equipment 
and the process technology that are 
needed for a large scale production;

•	 To identify additional (equipment-re-
lated) critical parameters [6]. 
In past years at Siegfried, the only way 

to gather all this information was a scale-
up procedure involving three steps: First, 
the synthesis was run in the kilo-lab-scale 
(typically in 60-litre reactors). The data 
generated resulted in a re-assessment of the 
process. In a second step, the findings and 
process improvements of the kilo-lab cam-
paign were scaled further to the pilot-scale 
(typically, in 250-litre reactors). Third, after 
a thorough check of the synthesis param-
eters and the chosen technical solutions, the 
process was implemented and validated in 
the production-scale (ranging from 1600 to 
4000-litre reactors). Bowing to pressure to 
shorten the time to market, the following 
questions are frequently posed today: What 
do we learn by following this three-step 
model: kilo-lab, pilot plant, production? Is 
it possible to skip the kilo-lab or the pilot-
plant step? These questions cannot be an-
swered on a general basis. But it is quite 
evident that all the relevant questions for 
the scale-up of a process must be addressed 
by the process chemist in an early stage of 
process development (cf. section 2.3.). Pro-
cess knowledge should be generated on a 
smaller scale. Indeed, the better a process is 
understood, the lower the probability of en-
countering unexpected ‘scale-up effects’. A 
close and fruitful cooperation between the 
process chemist and the scale-up chemist is 
thus a key factor for the fast and successful 
introduction of a new, robust and economi-
cal large-scale chemical process. 

2.5. Commercial Production 
Aspects 

Entering the commercial production 
phase, the process is ‘fixed’ by filing the 
methods used with the health authorities. 
Standard operating ranges, as defined dur-
ing the earlier phases, are applied and the 
process is ‘frozen’. Some adaptations to 
the plant equipment are done in the initial 
batches. Parameters for filtration, centrifu-
gation, distillation, phase separation, and 
drying are adjusted to the equipment used. 
To demonstrate reproducibility, the process 
is validated once these adaptations are done. 
Validation, as executed by Siegfried, means 
that at least three consecutive batches are 
run under the standard operating conditions. 
These must meet the predefined acceptance 
criteria for the critical process parameters, 
quality, and yield. Hence, the quality pa-
rameter (Fig. 1) is addressed.

Inherent safety and robustness have to 
be built into the process, before as well as 
during the process introduction at the plant. 
The plant manager is responsible for ad-
dressing the safety aspects, such as work 
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hygiene and house-keeping. As mentioned 
above, the output per time and volume de-
termines the costs of a production. The best 
use of the reactor configuration allows for 
parallel runs of several batches in one re-
action train (assembly of several reactors), 
leading to shorter lead times and lower 
costs. Nevertheless, even once the process 
is running on plant-scale, cost-saving im-
provements may be considered, even those 
that exceed the boundaries of the validated 
process. Such ideas are subject to a cost-
benefit analysis and are handled under the 
strict guidance of a change control system: 
impact on quality, registration dossier and 
plant operations are considered. 

2.6. Process Development for 
Physical Properties of Solid Forms 

With respect to stability and bioavail-
ability, it is the physical properties of the 
drug substance that determine the behavior 
of the drug product (formulated product). It 
is quite often the case that API candidates 
are acids or bases from which salts can be 
formed. This allows one to select the salt 
candidates that exhibit the desired proper-
ties (Fig. 4). This process can be started as soon as the initial quantities of the API be-

come available.
Selection of a salt for the drug substance 

is done in collaboration with the pharmacol-
ogy experts and based on dissolution, sta-
bility, flowability, bulk density, compress-
ibility, kinetic and thermodynamic data. 

One important technique for the produc-
tion of solids showing the desired physical 
properties, such as crystalline form and par-
ticle size distribution (PSD), is the crystal-
lization process which is then followed by 
the unit operations: solid liquid separation 
(centrifugation), washing, drying, milling, 
and blending [7]. Batch crystallization is 
most common in API manufacturing. The 
crystallization process utilizes the princi-
ple of supersaturation (Fig. 5). The factors 
that influence this supersaturation are de-
termined on lab-scale. Information about 
solubility curves, meta-stable regions and 
kinetic data are addressed, as are cool-
ing rates and solvents. Furthermore, the 
geometry of the agitator and reactor, the 
seeding temperature, the amount and the 
PSD of seed material, and even the way the 
seeds are added (slurry or powder), deter-
mine the behavior of the supersaturation 
phase. The impact of impurities should 
not be underestimated; these might act as 
inhibitors for crystallization and can lead 
to different crystal habits. Once the crys-
tallization process has started, abrasion of 
initial crystals or spontaneous nucleation 
can form new seeds and secondary nucle-
ation starts. Crystal growth and ripening 
are the dominant steps in the later stage of 
the crystallization process.

Centrifugation, washing, drying, mill-
ing, and blending finish the process and 

lead to the drug substance with all its physi-
cal properties. 

All these technical operations have to be 
examined, understood and scaled, as is un-
dertaken with the chemical process. Large-
scale adjustments, due to, say, the geometry 
of the equipment used, are common. In one 
specific challenging case, we even had to 
use the principle of statistical design of ex-
periments on a milling train to find the op-
timal parameters to meet a very tight PSD 
specification [7]. 

3. Supportive Experts 

3.1. Analytical Aspects 
Analytical chemistry forms an impor-

tant success factor in the development of 
an ideal manufacturing process. The effort 
expended for the analytical development of 
an API is about one-third of that invested 
in the chemistry. Analytics are the develop-
ment chemist’s eyes with which he ‘sees’ 
the quality aspects of raw materials, inter-
mediates and products, the composition of 
reaction mixtures and the whereabouts of 
individual by-products, so-called impurity 
tracking. 

During the route selection phase, the 
main analytical focus is on generating 
qualitative and semi-quantitative informa-
tion about the targeted new molecules. Fast 
and sound analytical information may tip 
the balance toward a favorable route. So-
phisticated analytical techniques frequently 
used in this phase include NMR, MS, GC/
MS or HPLC/MS. As ‘only’ a rough value 
of the purity and the substance quality is re-
quired, even simpler methods, such as TLC 

Fig. 4. Cascade for the development of the so-
lid form. Focus is on crystal modification, purity, 
and yield

Fig. 5. From the crude API molecule to the drug substance by crystallization
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(thin layer chromatography) or standard-
ized HPLC, can be useful. 

As the project progresses down the de-
velopmental cascade, the requirements de-
manded of analytics change and increase. 
Product quality must be determined and 
specified: assay of the main product, deter-
mination and quantification of related sub-
stances for every chemical step, impurities 
tracking. This task requires well-developed 
methods of chromatography. Since impuri-
ties are often only found in minor quanti-
ties, their structure is routinely determined 
by coupled methods, e.g. LC-MS. 

For the analysis of the API, in addition 
to assay and purity-determining and iden-
tification methods, further techniques pro-
vide information about the physical prop-
erties of the API. Particle size distribution 
is determined by specific techniques, such 
as microscopy, sieve analysis, or laser dif-
fraction; crystal modification is analyzed 
by XRPD (X-ray powder diffraction), DSC 
(differential scanning calorimeter), IR (in-
fra red) or RAMAN analysis. The interpre-
tation of the analytical data provides the 
basis for the justification of specifications 
(raw materials and intermediates), or the 
decision of whether an intermediate has to 
be isolated or purified. These are important 
factors that exert a direct impact on costs 
and robustness of a manufacturing process. 
The investment in analytics during the de-
velopment pays off when a product comes 
onto the market. 

Just as with the chemical processes, 
analytical methods have to undergo optimi-
zation. Once the process is fixed (in Stage 
3 of the developmental cascade), the ana-
lytical methods are then optimized for their 
intended use. In this third stage of the proj-
ect, a substantial analytical effort is neces-
sary. The cycle time of in-process controls 
may be limiting and GC or HPLC run-times 
are therefore reduced to a justifiable mini-
mum. Fast analytical methods, such as the 
UPLC or fast GC technique, help shorten 
cycle times and increase plant efficiency. 
Analytical method optimizations must be 
performed without a loss in the quality of 
the results. Finally, this is proven by using 
customized and validated methods for the 
release of critical raw materials, key inter-
mediates and the API. 

3.2. Raw Materials and Reagents 
– Sourcing Aspects 

During the development of an API, the 
provision of raw materials and reliable sup-
pliers is essential for costing, quality and 
speed. Route selection may be influenced 
by the availability of a certain starting ma-
terial. 

The three criteria, time, costing, and 
quality, often conflict. To achieve a balance 
among these three, sourcing activities are 
assigned different depth levels, depending 

on the stage of the project. Siegfried uses 
three modules for sourcing: 
i) 	 Screening for price, based on existing 

data and information; 
ii) 	 Price and availability, including the 

evaluation of suppliers, offers, deliv-
ery times and specifications; 

iii) 	 Full evaluation, including packaging, 
capacities, material safety data sheets 
(MSDS), etc. 

The full evaluation leads to a reliable 
and cost-effective partnership with suppli-
ers who deliver at optimum conditions. 

A sound partnership between the buyer 
and supplier is the key to success and to im-
proving the level of efficiency throughout 
the entire supply chain. More and more, 
purchasing is being made from low cost 
countries. In order to execute global sourc-
ing decisions, one must also consider that 
there is more risk and more work required 
to manage logistic and quality aspects. 

The total cost of ownership (TCO) 
arises not only from the purchase price. 
Additional sourcing costs are generated 
by: prospecting new suppliers, selecting 
a supplier, sampling and analytical test-
ing, qualifying procedures, PO placement, 
taxes and duties, transportation, inventory 
considerations, regulatory considerations, 
and further costs for non-compliant mate-
rial. Hence, we have to be aware of not only 
the visible part of the TCO iceberg (Fig. 6) 
that is on the radar screen, but also all the 
‘hidden costs’ below the (water) surface. 

3.3. The Role of Quality Assurance 
Quality is basically the accordance of 

a result with pre-defined requirements and 
expectations due to an intended use. Thus, 
throughout the development and commer-
cial application of an API for use in hu-
mans, cGMP-related (sometimes country-
specific) quality regulations [1] must be 
applied. However, at the start of API devel-
opment – compared to commercial produc-

tion – limited information is available, e.g. 
only the general route of synthesis. 

Knowledge of where to purify, purities 
sufficient for further processing and the 
like, have to be generated. Reagents/sol-
vents can still vary, physical and chemical 
parameters and their influence on quality 
need to be determined, etc. This results in 
a bi-directionally increasing GMP level: in 
one direction, by moving from the clinical 
trial phases I–III to commercial production, 
and, in a second direction, by moving from 
starting materials via API starting material 
towards the final API (Fig. 7). 

To fulfill the quality requirements for 
APIs for human use, as defined in the guide-
lines, development has to generate specific 
data, such as: 
• 	 Quality attributes of raw materials (nec-

essary for successful API synthesis); 
• 	 Critical process parameters (due to the 

large influence on API quality); 
• 	 Impurity tracking throughout all steps 

of synthesis (basis for definition of API 
starting material(s), adequate specifica-
tions and purification steps); 

• 	 Purity profiles of intermediates and 
API; 

Fig. 6. Total Costs of Ownership (TCO)

Fig. 7. Increasing GMP levels in development and synthesis
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• 	 Adequate in-process and analytical lim-
its for process and batch quality control, 
etc. 
From the quality assurance point of 

view, the final outcome of development 
work must be an optimized, controllable 
process ready for process validation. It has 
to guarantee a reproducibly successful pro-
duction of the API. The accrued information 
is summarized in a comprehensive devel-
opment report, including sound rationales 
and/or experimental proof for quality-rele-
vant decisions. Finally, it is very important 
to have, at all times, from the start of API 
development to commercial production, an 
appropriate quality concept and strategy in 
place. It is mandatory to have extensive pro-
cess knowledge available should one wish 
to define the API starting material at a later 
step in the synthesis [8]. This limits the ap-
plication of full GMP to the last chemical 
transformations. Cost reductions due to a 
higher flexibility in the production of the 
pre-API starting material steps are possible. 
Considered from this angle, QA’s require-
ments do not place additional hurdles on the 
chemists, but keep flexibility in the produc-
tion sequence. However, within the GMP-
context, all decisions should be carefully 
evaluated with respect to quality aspects. 
Quality Assurance should provide intensive 
guidance, because failing in quality means 
failing on the market. 

3.4. Registration Aspects 
The chemical process is then eventually 

filed. The sum of the activities described 
so far generates the basis for a registration 
dossier. 

From the regulatory point of view, a huge 
evolution has taken place since the 1970s, 
i.e. a change from simple API specifications 
towards a science-driven approach for the 
manufacturing of a defined API quality. 

This also impacts the developmental 
process of the API from the beginning. 
Knowledge gleaned from development 
identifies the process and provides the sci-
entific understanding of the accompanying 
critical specifications and manufacturing 
controls, which in the end, result in a qual-
ity API. Critical parameters and ranges nec-
essary for the reproducible production of an 
API, which meet the predefined quality at-
tributes, are identified during the develop-
ment phase. Specific development efforts 
include identifying process parameters that 
could affect the critical quality attributes of 
the drug substance, and determine the range 
for each critical process parameter expected 
to be used during routine manufacturing 
and process control. These critical param-
eters are included in the regulatory filing 
and the knowledge serves as background 
information for regulatory inspections and 
future process optimization, cf. section 2.5. 
The knowledge gained during development 

provides the basis for science-based sub-
missions, as expected by the harmonized 
pharmaceutical quality system, i.e. ICH 
guidelines Q9, Q10 and soon Q8C [8][9].

 
3.5. Safety, Health and 
Environmental Aspects 

In chemical processes, one strives to 
avoid uncontrolled heat and pressure re-
leases. Operators should be trained in the 
proper handling of harmful substances, and 
their exposure to such must be minimized. 
Siegfried’s Safety, Health and Environ-
mental (SHE) department has established 
a systematic program that guarantees early 
detection of hazards originating from these 
sources. 

Heat flow management, thermal sta-
bility, and gas evolution are measured on 
lab-scale using DSC, DTA, and RC1 tech-
niques. These analyses are performed dur-
ing the development of the process, thus 
allowing modifications should a safety is-
sue be identified. Heat-flow regime infor-
mation and possible run-away scenarios 
show where reagent accumulation could 
occur, where decomposition reactions may 
occur, and what kind of plant equipment 
might be suited for scale-up. With this in-
formation in hand, the processes can be 
optimized with respect to safety and sta-
bility. An example for this is the sequen-
tial de-methylation of an N,O-dimethyl 
compound. Based on the DSC figures 
measured during the process design phase 
(Fig. 8), optimum conditions for the two 
de-methylation steps could be identified, 
thereby avoiding undesired degradation. 
The critical nature of substances must be 
evaluated right from the beginning of the 
development activities. For commercially 
available reagents, toxicity and safety data 
are on-hand. For new intermediates, an ini-
tial assessment on how toxic a compound 
may be is done by a hazard estimation 
based on structural elements [10]. Using 
these results, adequate protective measures 

for a safe handling can then be defined. In 
addition, the process chemist may modify 
the synthesis in such a way that dangerous 
intermediates are not isolated at all. 

Waste treatment is the third aspect of 
SHE. For organic streams, the most eco-
friendly version is the direct recycling into 
the process. If this is not possible, alternate 
uses are evaluated, such as its use as fuel in 
the cement industry or in the boiler house. 
Here, again, there is feedback to the process 
chemist: Solvents, such as low alcohols, 
acetone, even toluene, are easy to handle, 
while others, e.g. chlorinated compounds, 
require disposal/incineration at a special-
ized company and thus increase costs. For 
streams of inorganic solids, the situation is 
similar: re-use is better than disposal, and 
if disposal is necessary, a minimum load 
of critical components (e.g. heavy metals) 
should be present. 

The same principle applies to gases. At 
Siegfried, a ‘waste’ gas can sometimes be 
directly used as a processing reagent in the 
same process. 

Wastewater streams evoke the largest 
volumes that have to be handled; the goal is 
to avoid their formation, but in many cases, 
this is not possible. Wastewater streams are 
best treated with biological degradation in 
the regional wastewater treatment plant. If 
biodegradability is not an option, physi-
cal and/or chemical treatment is required. 
Again, feedback to the process chemist is 
most important in finding the best solution 
considering both ecological and economi-
cal factors. 

3.6. Project Management 
Project management is the common 

term applied to all instruments used for 
planning, controlling, and execution of 
projects. In the development of chemical 
processes, these instruments are applied 
to coordinate the activities of the many de-
partments involved. The methods focus on 
promoting inventive solutions and forming 

Fig. 8. Example of a DSC. Based on this information the optimum condi-
tions for the sequential and selective de-methylation were set.
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teams that work together efficiently. Typi-
cally, the project management activities in-
crease with the progress and the complex-
ity of a project. Without the methods and 
tools provided in project management, the 
development of chemical processes would 
be unfocused, unstructured, inefficient, and 
result in overshooting costs and timelines. 
To implement project management, tradi-
tionally organized companies change to a 
matrix organization where project manag-
ers lead the technical experts in teams next 
to the line management. The structure of 
chemical process development projects is 
similar to other types of projects, although 
the deliverables for each project phase are, 
of course, specific for API developing man-
ufacturing processes (Fig. 9).

Developing innovative processes with-
in a short time-frame also involves taking 

some risks. Project management provides 
instruments to manage these risks and to 
support the teams in avoiding mistakes. 

4. Conclusion and Experiences 

Process development is much more than 
simply optimizing the process to the needs 
of ‘ideal chemistry’. Various specialists are 
involved. To keep all activities focused and 
well-organized, a developmental cascade 
provides a valuable scaffold. Even in cases 
where not all elements are used to their full 
extent, it nevertheless helps to structure the 
work. Teamwork is essential and a strong 
project manager enables the organization to 
make optimal use of the usually restricted 
resources. 
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Fig. 9. Deliverables for the developmental cascade
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